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Abstract 
The efficiency of complex technological equipment operators depends on many factors such as a development level of 
professionally important qualities, skills, professional experience, etc. Therefore, it is critical to define the attainment level of 
trainees and to assess the possibility of their permit to professional activity at the stage of training. The paper deals with a new 
assessment method of operators’ attainment level and offers an approach for determination of an individual training path. In this 
connection the model of vocational aptitude on the basis of fuzzy logic was developed, this model allows to assess the integral 
level of the vocational aptitude and define the professionally important qualities (PIQs) to be developed. The professionally 
important qualities are differentiated into developing, conventionally developing and undeveloping ones. Such differentiation 
enables to form the quality functional of training in the manner that provides development of the developing PIQs and 
compensation of the undeveloping PIQs. The formation of a rule base for a certain operator’s activity is performed by using 
special methods of expert assessment for each case. It allows to transfer the general vocational aptitude model to the specific 
spheres of operators’ labour. A special complex of methodology and hardware&software for measurement and assessment of 
PIQs has been developed for a practical application of the abovementioned method. For assessment of PIQs the following 
techniques are used: the quality assessment of a hand-eye tracking, a hand-eye coordination, response, an ability to sensory 
analysis, the examination of cognitive characteristics and peculiarities of the nervous system of trainees. The developed 
assessment system was used in the experimental investigations of the vocational aptitude of operators of transport-technological 
machines in the Interregional Forestry Resource Centre. It was found out that a choice of an individual training path based on the 
results of the assessment system under discussion provides improvement of training effectiveness and further development of 
professional skills. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
The modern technocratic society and manufacturing practice determine radically new requirements to a 
professional qualification level of employees engaged in manufacture. First of all, it concerns operators of man-
machine systems (the MMS) that is conditioned by a general implementation of automation and computing 
technology. 
The analysis of the MMS accidence risk shows that 56% of accidents are determined by a human factor and 
mostly by improper decisions made. 
Making an appropriate decision is mainly associated with a competence level of an operator that can be expressed 
by an "experience - skills - knowledge"  model. In this connection a specific task arises that can be defined as 
formation of an operator's competence model which would ensure a high level of operator's reliability and 
efficiency. In addition to it, at the stage of operators' training it is important to define an attainment level of trainees 
and to assess a possibility of their permit to a professional activity. 
The modern training practice has been concerned with similar questions for a long time already. In this 
connection the greatest attention is paid to the training of military and civil pilots (Patterson, et al., 2013; Hohmann, 
2014), driving of railway transport (Naweed and  Balakrishnan, 2014; Naweed, 2014), sea transport (Boström, 2012; 
Barsan, Surugiu, Dragomir, 2012) and automobiles (Lonero, et al., 2006). However, the questions of formation and 
assessment of the most important competences are not resolved yet (Frey and Osborne, 2013). 
The training of highly efficient operators requires to take into account cognitive, sensor and verbal abilities of 
trainees (Boehm-Davis, Holt, Hansberger, 1997; Petukhov and  Steshina, 2014). In this regard different 
psychometric tests (Holt, Johnson, Goldsmith, 1997). and psychophysiological research techniques (Petukhov, 2011; 
Tervo, Palmroth, Koivo, 2010) are widely used. Also, interactive methods of trainees' skills forming, formation of 
"appropriate" response to sensor and verbal stimuli (Bass, Baxter, Ritter, 1995; Judge, et al., 2013) are actively 
applied.  
Despite of numerous research into the sphere of highly professional operators' training many issues have not been 
decided yet. 
It should be noted that there is no unified methodological approach to evaluation and system of test usage, using 
of different processing algorithms and interpretation of measurement information. It results in low precision and 
validity, insufficiency and disconnection of the data obtained. 
In addition, the issues of interconnection between certain operator skills and efficiency of operator activity, in 
general, have been studied insufficiently. The questions of developing intellectual support means for management 
decisions on operator's conformity to their working position are still open, we can also observed insufficiency in 
solution of the problem of vocational selection and training of operative MMS personnel on the base of 
achievements of the modern intellectual technologies. 
The purpose of this paper is the development of a new method for assessment of an operator's attainment level 
that can allow to individualize the operative personnel training process. 
Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the 
paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. 
The section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors. 
2. The model of vocational aptitude 
The efficiency of an operator's activity depends on inborn properties of response to certain environmental 
conditions, some acquired behavior patterns formed by an individual experience and complex behaviors. In the 
conditions of high tension, emergency and time pressure the individual inborn response forms have the greatest 
importance. 
Accordingly, for an effective vocational activity an operator should have a certain set of professionally important 
qualities (PIQs) characterizing the person's physical, physiological, psychic and personal properties.  
The PIQ set can be determined basing on the operator activity analysis taking into account a specific character of 
the object controlled. 
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For this purpose we could present a typical sequence of the operator's actions that reflects consistent changes in 




Fig. 1. The system model of human-operator functions. 
Each stage and level of activity include processes connected with transforming of input information, processing 
of information (f1,  f2, f3) and transforming of output information , Fig.2. 
 
 
Fig. 2. Diagram of information transforming. 
So, in this connection we can find out the set of PIQs corresponding to each stage, the availability of which 
ensures the effectiveness of the operator's functions on the sensor, cognitive and motor levels. 
For better validity of the operator vocational aptitude assessment the PIQs number should go to infinity that 
results in a combinatorial explosion and an abnormal compilation of computational algorithms.  
In that context it is proposed to choose 12 PIQs, i.e. 4 PIQs for each of 3 operator activity levels, Fig.3. 
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 Fig. 3. Diagram of correspondence between PIQs and operator activity level. 
 
Then, the dependence of the vocational aptitude value on the PIQs can be modeled as follows: OUT=f(PIQ1(f1), 
PIQ2(f1), PIQ3(f1), PIQ4(f1), PIQ5(f2), PIQ6(f2), PIQ7(f2), PIQ8(f2), PIQ9(f3), PIQ10(f3), PIQ11(f3), PIQ12(f3)). 
It is evident that each of the chosen PIQs influences the efficiency of the operator activity and the success of its 
mastering to a different extent. On the other hand, there exists an objective difficulty of the simultaneous analysis of 
12 PIQs in order to define the degree of their contribution into activity efficiency. Therefore, we offer a 
methodological approach to assessment of the integral vocational aptitude value in a hierarchy system class on the 
basis of an analytic hierarchy process. It includes division of the 12 most significant PIQs into three groups: qualities 
of especial importance, important qualities and qualities of limited importance. 
Each group consists of its own set of 4 PIQs with their weight coefficients W=(w1, …, wj, …, wn). 
The dependence of the vocational aptitude value on the PIQ in this case is simulated basing on the four 
knowledge bases that describe such dependences, Fig.4: 
z1=f1(PIQ1, PIQ2, PIQ3, PIQ4), 
z2=f2(PIQ5, PIQ6, PIQ7, PIQ8), 




Fig. 4. The hierachy system of the logic output for the operator's vocational aptitude level, where OUT is a tree root, the operator's vocational 
aptitude; z1, …, z3 are non-terminal nodes, convolution of the II stage; а1, …, а12  are non-terminal nodes, convolution of the I stage; x1, …, xn are 
terminal nodes, individual impact factors; W=[Wx=(wx1, …, wxn), Wy=(wy1, …, wy12), Wz=(wz1, wz2, wx3)] are weight coefficients.. 
However, one should realize that a direct measurement of a PIQ is impossible. The PIQs level could be assessed 
indirectly on the basis of certain vocational tests. 
Then, it becomes necessary to formally describe the relationships between the PIQs and vocational tests allowing 
to assess the PIQ formation level: ai = f(x1, …, xn), where (x1, …, xn) are the results of testing vocational abilities. 
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Assessments of the certain PIQs development level within the range of 0-100% marking the efficiency of 
operator's functions at the different stages of control activity make an individual vocational portrait of a trainee 
(IVPT). Substantially, it is an electronic PIQ passport of a trainee. 
The system output is an integral assessment of the vocational aptitude within the range of 0-100%. 
The IVPT, in its turn, may be used both for operative personnel training and for adaptive adjustment of a 
informational and technical component of the ergatic system for user's abilities taking into account his/her current 
functional state. 
To accomplish this, the IVPT combination that provides a general vocation aptitude level "not worse than 
normal" was defined by using simulation modeling. 
From the point of view of the whole MMS reliability such conditions as "the PIQ level is not worse than bad" 
and "the PIQ level is not worse than normal" are chosen as marginal ones. 
Under condition that ܲܫܳ௜ೕ௧௘௦௧Ǥ ൏ ܲܫܳ௜ೕ௡௢௥௠Ǥ the controlling action is formed in accordance with the set quality 
functional. Such controlling action is intended for operative personnel training that is development of certain PIQs 
ensuring improvement of the general level of the operator's vocational aptitude: 
οܲܫܳ௜ೕ ൌ ܲܫܳ௜ೕ୬୭୰୫Ǥ െ ܲܫܳ௜ೕ୲ୣୱ୲Ǥ, 
where  ܲܫܳ௜ೕ୲ୣୱ୲Ǥ is a PIQ formation level of a testee, ܽ௜ೕ୬୭୰୫ is a PIQ level corresponding to "the PIQ level is not 
worse than normal".  
So, the quality functional for practice of a certain PIQ of a greatest importance can be presented as following: 
ܬͳ ൌ ௜ೕא௞ ݂ሺݓ௜ೕǡ ܿ௜ೕ ǡ ߮ሺܲܫܳ௜ೕ୲ୣୱ୲Ǥǡ ܲܫܳ௜ೕ୬୭୰୫Ǥሻሻ , 
where wi is a weight coefficient of the PIQ significance in the general structure of the vocational aptitude, ci is a 
weight coefficient of the PIQ development difficulty that divides the PIQs into developing, conventionally 
developing and undeveloping ones, ߮ሺܲܫܳ௜ೕ୲ୣୱ୲Ǥǡ ܲܫܳ௜ೕ୬୭୰୫Ǥሻ  is a function characterizing possibilities of the PIQ 
development in compliance with the initial level law. 
The quality functional for practice of the PIQ combination may be presented as follows: 
ܬʹ ൌ σ ݂௜ೕא௞ ሺݓ௜ೕǡ ܿ௜ೕ ǡ ߮ሺܲܫܳ௜ೕ୲ୣୱ୲Ǥǡ ܲܫܳ௜ೕ୬୭୰୫Ǥሻሻ. 
At the same time, according to the initial level law ߮ሺܲܫܳ௜ೕ୲ୣୱ୲Ǥǡ ܲܫܳ௜ೕ௡௢௥௠Ǥሻ reflects a nonlinear dependence of a 
possible change of the current ܲܫܳ௜ೕ௧௘௦௧Ǥ value on its relative level and may be expressed in the exponent form: ߮ሺܲܫܳ௜ೕ௧௘௦௧Ǥǡ ܲܫܳ௜ೕ௡௢௥௠Ǥሻ ൌ ݁ݔ݌ሺܲܫܳ௜ೕ௡௢௥௠Ǥሻ െ ݁ݔ݌ሺܲܫܳ௜ೕ௧௘௦௧ǤሻǤ 
Due to the difficulty of formal expression of the operator activity for his/her vocational aptitude assessment it is 
appropriate to use the fuzzy set theory. 
The formation of a rule base for a certain operator’s activity is performed by using special methods of expert 
assessment for each case. It allows to transfer the general vocational aptitude model to the specific spheres of 
operators’ labour and  expressed in the following way: 
R1: IF (x1.IS.L11).AND.(x2.IS.L12).AND. … .AND.(xn.IS.L1n),THEN PIQ= B1 
Ri: IF (x1.IS.Li1).AND.(x2.IS.Li2).AND. … .AND.(xn.IS.Lin),THEN PIQ= Bi 
Rm: IF (x1.IS.Lm1).AND.(x2.IS.Lm2).AND. … .AND.(xn.IS.Lmn), THEN PIQ= Bm, 
where xk is input variables; PIQ is an output variable; Lik  is specified fuzzy sets with a membership function. 
The formation of fuzzy rules was performed in the MATLAB medium using the FuzzyLogicToolbox package. 
The software was developed by using such programming languages as Objective-C, С++  and the Cocoa object-
oriented environment for the Mac OS X 10.7 (and up) operational system. The software was developed as well by 
using the MVC (Model-View-Controller) concept, the OpenGL library for graphic elements of the tests and the 
AppleXcode framework.  
The triangle function was chosen as a membership function, a linear Z-function and linear S-function were used 
for extreme x-values of vocational test results. In addition, Mamdani's logic output scheme realizing a mini-max 
composition of fuzzy sets was applied. Defuzzification of the fuzzy set was performed with a gravity centre method. 
The degrees of conformity and the rule base were compiled by experts. 
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3. Experimental study 
The practical realization of the model and the assessment system was performed for assessment of the 
professional aptitude of transport-technological machine operators in the group of 100 testees in the Interregional 
Forestry Resource Centre. 
The testee group consisted of students of the following colleges: Suvodsky Forest Company-College, Lubjansky 
Foresty Technical College, Kostromsky Forestry Mechanical College, Rybinsky Forest Company-College, 
Krasnobakovsky Forest College. 
All the testees were apparently healthy people without any medical contraindications to an operator activity at the 
age of 22±1 y.o. having category B driving licenses and  a driving experience of 3 years. 
The measurements were taken in a day-time, in the morning from 9 till 12 a.m. All testees underwent a 20-minute 
light adaptation before testing.  
Each trainee made a series of vocational tests the results of which were used for assessment of their individual 
level of vocational aptitude and construction of their individual portrait of PIQ development. 
The following was used as vocational tests: 
TZMD – accuracy of hand-eye actions;  
SPI – information processing speed and nervous system liability;  
VP – probabilistic forecasting;  
PV – attention, attention switch;  
TIO – precision of object identification;  
UV – attention span;  
RV – attention allocation;  
TZA – precision of visual analysis;  
RU – working capacity and fatigability.  
In addition to it, emotional stability (ES), nervous system stability (UNS) and adaptive capabilities (AS) were 
assessed. 
Each PIQ was chosen and assessed by an expert evaluation method. 
At the model input there were individual evaluation grades gained at the stage of vocational testing and at the 
model output there was a vocational aptitude value of each testee expressed in per cents. 
Figure 5 shows the results of applying the model of vocational aptitude assessment for some trainees. This results 
can be a source of information on individual properties of an operator who has performed a vocational testing series. 
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Fig. 5. a-b-c-d Visualization of assessment model application. 
The 0-4 o'clock sector shows PIQs belonging to qualities of especial importance, the 4-8 o'clock sector shows 
PIQs belonging to important qualities, the 8-12 o'clock sector shows PIQs belonging to qualities of limited 
importance. 
The IVPT and its PIQs could be presented in the form of a radar chart where Figure 5a is an individual 
psychophysiological portrait of the A-testee with an integral vocational aptitude value of 32%, and Figure 7.5b is the 
same of the B-testee with an integral vocational aptitude value of 78%. 
Figure 5c shows the IVPT of the C-testee with an integral vocational aptitude value of 43%, and Figure 7.5d 
shows an individual portrait of a virtual "average operator" constructed by simulation under the marginal condition 
"the PIG level is not worse than normal".  
In such way we obtained the IVPT for each of 100 trainees with an integral assessment of their vocational 
aptitude. 
4. Conclusions 
One of the most effective steps aimed for ensuring reliability of an operator activity is prevention of incidents 
appearing in performing vocational duties through a vocational selection of candidates for operator positions.  
The efficiency of an operator activity depends on many factors, such as development level of professionally 
important qualities, skills, professional experience, etc. 
This paper offers a description of the MMS operator vocational aptitude in the form of multiple PIQs, each of 
those is determined by a submultitude of elementary functions participating in the operator activity. 
This model is multi-level, the upper level of it contains an integral value of the vocational aptitude that followed 
by its decomposition into PIQs and the further decomposition into vocational test results. 
This model has three analytical levels: an analysis of PIQ expressiveness, an analysis of the PIQ group formation 
level and vocational aptitude, and thus, it enables to give an integral assessment of vocational aptitude, to construct 
the IVPT and the PIQs profile. 
The professionally important qualities are differentiated into developing, conventionally developing and 
undeveloping ones. Such differentiation enables to form the quality functional of training in the manner that 
provides development of the developing PIQs and compensation of the undeveloping PIQs. 
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 The IVPT is a basis for individualization of the operator training program. 
 The quality functional for practicing a select PIQ, for operative training of personnel, of the greatest significance 
for an operator activity of the certain kind and quality functional for practicing all-PIQs combination were 
developed. 
In determining the quality functional the initial level law was taken into account, which reflects a non-linear 
dependence of possible changes of the current parameter value on its relative level. 
The choice of an individual training path based on the results of the assessment system under discussion provides 
improvement of training effectiveness and further development of professional skills.  
It was found out that individualization of operators' training helps to reduce their left-out in vocational training 
for 1.5-2 times that proves the effectiveness of this model developed. 
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